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Abstract

The aim of this paper is to present the design and implementation of an algorithm for controlling a 3-phase Z-source
inverter (ZSI) using a digital signal controller (DSC), the complexity arises due to analog circuit can be eliminated by
DSC algorithm also reduces cost, size of filter required, and improved overall inverter efficiency. In this paper, the power
inverter i.e. ZSI are controlled by high performance dsPIC33EP256MU810 DSC that can achieve high-level inverter
control, therefore this DSC is the heart of the system and it controls entire system. The DSC is programmed using
embedded MPLAB software and it generates sinusoidal pulse width modulated (SPWM) pulses for ZSI for simple boost
control and maximum constant boost control. To validate the proposed algorithm of ZSI MATLAB simulation and
experimental results are presented.
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Introduction

In the present situation, electricity plays a major role in day to day life. There is a peak demand of power supply. But
during the case of power outage, power electronic devices like inverters play the major role to provide the continuous
supply to the system. Therefore it is necessary to design the power inverter with low cost and higher efficiency. By using
the power inverter DC power is converter to AC power at required output voltage and frequency. The power inverter is
significantly used in hybrid power system and micro-grid system. The variable frequency & variable voltage supply is
needed in industrial applications, such as single phase and three Phase Induction Motor & other rotating machines
therefore, to vary the supply frequency and supply voltage, Voltage Source Inverter (VSI) is used [1-2]. Various new
PWM techniques are developed for efficient power utilization. Now a day's many types of pulse width modulating
techniques have been proposed such as, Sinusoidal PWM (SPWM), Space Vector PWM (SVPWM), Selective Harmonic
Elimination PWM (SHEPWM). However, these methods have some advantages as well as disadvantages. But in industry
standard, the SPWM has proved to be most potential technique among all others. The SPWM technique for generating a
fundamental sine wave that provides a higher voltage to the motor has lower total harmonic distortion (THD) [3].
However, these traditional voltage source inverters have conceptual and theoretical barriers and limitations as indicated in
[4]. Therefore, to overcome these limitations of Voltage Source Inverter (VSI) new topology had been proposed known as
Z-source inverter (ZSI).

New kind of inverter in power conversion, impedance-source inverter also referred as Z-source inverter (ZSI) had been
proposed by F. Z. Peng [4]. The ZSI is an emerging topology for power electronics dc—ac converters. In this topology, by
utilizing the shoot-through (ST) zero state input voltage can be boosted, which improves the inverter reliability and
enlarges its application field. In comparison with other power electronic converters, it provides an attractive single-stage
dc—ac conversion with buck—boost capability, reduced cost, reduced volume, and higher efficiency due to a lower
switching component of buck-boost circuit.

3-phase Z-source inverter
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Figure 1: Block Diagram Representation of 3-Phase Z-Source Inverter
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Therefore, the ZSI is a very promising and competitive topology for renewable energy sources, such as fuel cells,
photovoltaic arrays, wind turbines, and new power electronics applications, such as electric and hybrid vehicles. Different
control methods for operating ZSI had been proposed [4-11], which are simple boost control (SBC) [4], maximum boost
control (MBC) [9] and maximum constant boost control (MCBC) [10]. In this paper simple boost control (SBC) and
maximum constant boost control (MCBC) methods have been used for generating the control pulses of ZSI.

In this paper dsPIC33EP256MU810 has been used for three phase PWM generation and inverter control. The main
objective of this paper is to design the control algorithm of three phase Z-source inverter using sinusoidal Pulse Width
Modulation (SPWM) technique with simple boost and maximum constant boost in dsPIC33EP256MU810 using
embedded MPLAB software. The block diagram representation of 3-phase Z-source inverter is shown in Figure 1.

Introduction of DSC

In the recent trend, the requirement of embedded systems is increasing very rapidly. It has high computational
requirements and in most of the cases limited resources available in embedded systems. This high-performance Digital
Signal Processors (DSPs) have additional features to address multi-media needs therefore, it is very necessary to
understand these all features and its real-time vision-based applications [12-17].

Microchip’s dsPIC33E family of digital signal controller (DSCs) features a 70MIPS DSC core with integrated DSP and
enhanced on-chip peripherals. These DSCs is used for controlling the operation of high-performance, precision motor that
are more energy efficient, quieter in operation, have a great range and extended life. They can also be applied to control
brushless DC, permanent magnet synchronous, AC induction and stepper motors and it is also used for high performance
general purpose applications [16.b]. DSC dsPIC33E operates between 3.0V to 3.6V for -40°C to +125°C temperature with
a speed up to 60 MIPS and between 3.0V to 3.6V for -40°C to +85°C temperature with a speed up to 70 MIPS. The
dsPIC33EP256MUS810 DSC has been selected for controlling the proposed inverters. The pin configuration of
dsPIC33EP256MUS810 IC is shown in Figure 2. It is a 100 pin IC which include on-chip flash program space (up to
280(Kbyte), flash auxiliary memory (up to 28 Kbytes) and maximum 60 (MIPS) processor speed.

Proposed Work

The main objective of this paper is to run the 3-phase ZSI by the control pulses generated by dsPIC33EP256M810 DSC.
The proposed control algorithm flow chart of Z-source inverter with SBC and MCBC control techniques is explained in
this section. In SBC controlling technique, for creating the shoot through zero states two straight lines are employed (Vp
and Vn) whereas in MCBC technique two straight lines (Vp and Vn) are replaced by upper and lower envelope curve of
modulating sine waves (Va', Vi, V), respectively. Now, these waves are compared with high- frequency carrier wave.
When the carrier waveform is greater than the upper envelope curve (Vp) or smaller than the lower envelope curve (Vn)
of references then only shoot through gets generated. The controlling waveforms of 3-phase ZSI for these two techniques
are shown in Figure 3. Following steps are involved for generation of SPWM control pulses in dsPIC33EP256MU810 for
3-Phase ZSI. Flow chart representation of DSC programming is shown in Figure 4.

After execution of this program desired control pulses of 3-phase Z-source inverter are obtained at PWM output pins of
ICs and this control pulses are fed to OR gate circuit for providing shoot through zero state, and output of OR gate are
given to gate signal of switching devices of ZSI.

=
E

Figure 2: Pin Configuration of dsPIC33EP256MUS810
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(a) (b)
Figure 3: SPWM Controlling Waveform for 3-Phase ZSI (a) SBC & (b) MCBC
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Figure 4: Flowchart Representation of DSC Programming

Simulation and Experimental Results

To investigate the performance of 3-phase ZSI, simulation was conducted in MATLAB. Simulation results and their
relevant waveforms have been presented. The prototype of ZSI is built and its block diagram representation is shown in
Fig 1. Experiment is carried out at low voltage in laboratory and TPS2024B four channel DSO has been used for capturing
the experimental waveforms of ZSI. The simulated and experimental parameters of ZSI are shown in Table 1. A typical
oscilloscope snapshot of the control pulses that outputted from the DSC for the six switches S1- S4 (R-phase), S3-S6 (Y-
phase), and S5-S2 (B-phase) is shown in Figure 5. This DSC outputs after passing through buffer and driver circuit, are
given to switching devices of 3-Phase ZSI. The simulated and experimental line voltages and phase voltages of 3-phase
ZSI for SBC and MCBC are shown in Figure 6 and 8 respectively.

In both the methods DC voltage is 10V and we have considered modulation index=0.8 and switching frequency is 1 kHz,
from above analysis we have the following theoretical calculations.

Boost factor, B=——=1.666 (for SBC) or —— \/_M " =2.593 (for MCBC) (D
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Fundamental phase peak voltage of ZSI is:
Vpp, = MBX Yde _ 6 64v (for SBC) or 10.372 V (for MCBC) )

2

The fundamental peak voltage of ZSI is shows in equation (2), which implicates that the phase RMS voltage is 4.69 V rms
(for SBC) or 7.334 V rms (for MCBC) and line-to-line voltage is 11.5 V peak or 8.131 V rms (for SBC) and 17.96 V
peak or 12.69 V rms (for MCBC). Fundamental peak values and THD of Line voltage and Phase voltage of 3-phase ZSI
with SBC and MCBC techniques are shown in Figure 7 and 9 respectively. It is observed from Figure 7 and 9 that for
peak value of line voltage the simulated and experimental values are 11.01V and 10.47V (for SBC) or 15.15V and
13.92V (for MCBC) whereas for peak value of phase voltage are 6.35V and 6.095V (for SBC) or 8.715V and 7.83V (for
MCBC). The desired fundamental peak value of line voltage and phase voltage for 0.8 modulation index with SBC and
MCBC technique are 11.5V and 6.64V (for SBC) or 17.96V and 10.372V (for MCBC) respectively. Thus, the
experimental and simulated values obtained for both the techniques are satisfactory as compared to theoretical values.
Similarly, experimental THD values for both the techniques are well consist with the simulated values.

Parameter Specification

DC Supply (V) 10V
Output frequency 50Hz
Switching frequency 1kHz

C=C,=C 1000pF
L=L,=L 2 mH

Modulation Index 0.8

Rioad 33Q

Table 1. Simulated and Experimental Parameters of ZSI.
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Figure 5: Experimental Waveforms for Controlling the 3-Phase ZSI
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Figure 6: Line Voltage and Phase Voltage of 3-Phase ZSI for SBC Technique (a) Simulation and (b)
Experimental with Modulation Index=0.8
(Experimental Scale Y axis: 10V/div & x axis: 25ms/div)
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Figure 7: Fundamental Value and THD of Line voltage and Phase voltage of 3-Phase ZSI for SBC Technique (a)
Simulation and (b) Experimental with Modulation Index=0.8
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Figure 8: Line Voltage and Phase Voltage of 3-Phase ZSI for MCBC Technique (a) Simulation and (b)
Experimental with Modulation Index=0.8
(Experimental Scale Y axis: 20V/div & x axis: 25ms/div)
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Figure 9: Fundamental Value and THD of Line Voltage and Phase voltage of 3-Phase ZSI for MCBC Technique (a)
Simulation and (b) Experimental with Modulation Index=0.8

Conclusion

The control pulses for SBC and MCBC for Z-source inverter is generated using dsPIC33EP256MU810 and to validate this
experimentation was performed. The experimental results shows that the fundamental rms of line & phase voltage and
THD are almost equal to calculated or simulated value with small error under tolerable limits. The experimentation was
performed in laboratory at low voltage level. It is been observed that the boost is more in MCBC technique as compared to
SBC with same modulation index in experimented results also. The DSC used is easy to program and control. The
operating frequency of DSC used is 60MHz; hence the computation time required is also less. With this advantage this
DSC can be used for closed loop operation also. This can be further extended using PV panels as a dc source operating in
closed loop.
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